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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/DK 03A)0701 

I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 



Description, Pages 

1- 21 as originally filed 
Claims, Numbers 

2- 8, 1 0-1 5 received on 1 0.05.2004 with letter of 06.05.2004 
1 , 9 received on 20.01 .2005 with letter of 20.01 .2005 

Drawings, Sheets 

1>5-5£ as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 anclbr 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

V. Reasoned statement under Article 35(2) with regard to noveity, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1,9 

No: Claims 

Inventive step (IS) Yes: Claims 2-8,10-15 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-15 

No: Claims 



2. Citations and explanations 
see separate sheet 
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V. Reasoned statement under Article 35(2) PCT 

1 . The following documents have been considered for the purposes of this report: 

D1 =US-A-5 615 733 
D2 = US-A-3 918 300 
D3 = EP-A-0 155 826 

2. Article 33(2) (novelty) 

A method of detecting an abnormality of a heat exchanger is known from D1 (col. 1 , 
L. 6 - 1 1 ; Fig. 1), exchanging heat between a first fluid flowing in a conduit (1) and a 
second fluid flowing along a flow path (10), said conduit (1) and said flow path (10) 
each having an inlet (13,1 1) and an outlet (14,12), establishing at least one 
parameter representative of the temperature condition of the heat exchanger (T1 - 
T4), 

establishing a second fluid inlet temperature (T3), 

establishing a parameter indicative of expected heat exchange between the 
heat exchanger and the second fluid (by microprocessor (5)), 

processing the at least one parameter, the second fluid inlet temperature and 
the parameter of expected heat exchange for establishing the second fluid outlet 
temperature (in microprocessor (5)), 

employing the second fluid outlet temperature for evaluating the heat exchange 
between first and second fluids by comparing the second fluid outlet temperature with 
a reference value (comparing T3 with T4). 

Furthermore, the features of the second part of claim 1 are known from D1 : The 
second fluid outlet temperature is established from a parameter representative of the 
temperature conditions of the heat exchanger, namely from the temperature T4. 

The present application does thus not satisfy the criterion set forth in Article 33(2) 
PCT because the subject-matter of claim 1 and corresponding apparatus claim 9 is 
not new in respect of prior art as defined in the regulations (Rule 64(1 )-(3) PCT). 
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3. Article 33f3^ PHT (inventive steo\ 

The dependent claims are merely simple and routine features that the skilled man 
would include in an information display system, their subject-matter thus lacking an 
inventive step, see D2, Fig. 4 and cl. 1 and D3, Fig. 1 and cl. 1 . 

4. Industrial applicability 

The claimed device may be used to detect heat exchanger abnormalities in 
refrigerator systems. 

5. The documents D1 , D2 and D3 have not been identified in the description nor has the 
relevant background art disclosed therein been discussed. The requirements of Rule 
5.1(a)(ii) PCT are, thus, not fulfilled. 

6. The independent claims should have been drafted in the two-part form as required by 
Rule 6.3(b) PCT, whereby the features known from D1 should have been placed in 
the preamble. 
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AMENDED CLAIMS 

1. A method for detecting an abnormality of a 
heat exchanger (3, 5) exchanging heat between a first . 
5 fluid flow (7) flowing in a conduit (S) and a second, 
fluid flow (8) flowing along a f low . path (9) r said, 
conduit (6) and said flow path (9) each having an . 
inlet and an outlet, said method comprising the steps 
of: 

10 establishing at least one parameter 

representative of the temperature conditions of the 
heat exchanger (3, 5) , 

establishing a second fluid inlet temperature r 
establishing a parameter indicative of expected 

15 heat exchange between the heat exchanger and the 

second fluid, 

establishing an estimated second fluid outlet 
t empe r at ur e r and 

employing the second estimated fluid outlet 
20 temperature for evaluating' the heat exchange between 
the first and second fluids by comparing the 
estimated second fluid outlet temperature, or a 
parameter derived therefrom,, with a reference value/ 

characterised in that • the estimated second fluid 
outlet temperature is established from at least one 
parameter representative of the temperature 
conditions of the heat exchanger, the second fluid 
inlet temperature and the parameter being indicative 
of an expected heat exchange. 

9, A heat exchanger abnormality detection 
device for a heat exchanger (3, 5) exchanging heat 
between a first fluid (7) in a conduit (6) and a 
second fluid (8) in a flow path (9), the device 
comprising a first estimator estimating at least one 

/ 

/ 
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parameter representative * of the temperature 
conditions of the heat exchanger, a first 
intermediate memory means storing the at least one 
parameter representative of the temperature 
5 conditions of the heat exchanger, a temperature 
sensor measuring the second fluid inlet temperature, 
a second intermediate memory means storing the second 
fluid inlet temperature r a second estimator 
establishing a parameter indicative of expected heat 

10* exchange between the heat exchanger (3, S) and the 
second fluid (8) , a third intermediate memory means 
storing the parameter indicative of expected heat 
exchange, a processor establishing an estimated 
second fluid outlet temperature, and a comparator 

7~T5 comparing the Ufa Limited secox*d fiui-d outl efe- 

temperature r or a parameter established on basis 
thereof, with a reference value, characterised in 
that the estimated second fluid outlet temperature is 
based on said at least one parameter representative 

20 of the temperature conditions of the heat exchanger, 
said second fluid inlet temperature, from the first 
and second intermediate memory means, respectively, 
and the parameter indicative of expected heat 
exchange from the third intermediate memory means 

25 
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CLAIMS (g) 

1. A method for detecting an abnormality of a 
•heat exchanger (3, 5) exchanging heat between a first 
5 fluid flow (7) flowing in a conduit (6) and ' a- second 
fluid flow (8) flowing along a flow path (9), said 
conduit. (6) and said flow path (S) each having-. an 
inlet and an outlet, characterized in 
comprising the steps of: 
10 establishing at least one parameter 

representative of the temperature conditions of the 
heat exchanger (3, 5), 

establishing a second fluid inlet temperature, 
. establishing a . parameter .indicative of expected 
15 .heat exchange between the heat exchanger and the 
second fluid, : : . 



processing the at least one parameter 
representative of the temperature conditions, of the 
heat exchanger,, the second fluid inlet temperature 
20 and the parameter indicative ■ of expected heat 
exchange for -.establishing an estimated second fluid 
outlet temperature, 

.. employing the estimated second fluid outlet 
temperature for evaluating the heat exchange between 
25 the first and second fluids by ' comparing the 
estimated second fluid outlet temperature, or a 
parameter derived therefrom, with a' reference ..value. 

2. A method according to . claim 1, char- 
acterized in the reference value is a 
predetermined second fluid outlet temperature. •• 

" 3. A method according to claim 1, char- 
acterized in using the -.estimated second 
fluid, outlet temperature for establishing a second 
heat rate of the second fluid for evaluating the 
energy balance of the second heat rate of the second 
fluid compared to a first heat rate of the first 
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fluid. 

4 - A method according to claim 3, char- 
acterized in establishing the second rate 
of heat flow of the second fluid by establishing an 
5 estimate of a second fluid mass flow and a specific, 
enthalpy .change of the second fluid across the heat 
exchanger based on the estimated second fluid outlet 
temperature and the second fluid inlet temperature, 
and the condensation pressure. 

10 5. A method according to claim 3 or 4, 

characterized- in establishing the first 
rate of heat flow by establishing a first fluid mass 
flow and a specific enthalpy change of the first 
fluid across the heat exchanger based on parameters 

15 representative . for " first fluid inlet- and outlet 
ta m per^h j-ur^g 



20 



6. A method according to any of the claims 3-5, 
c h a r .a c t e r i z .e- d .in establishing a 
residual ' as difference - between . the first heat rate 
and the second heat rate. 

7. A method according to claim 2, char- 
acterized in establishing a residual as 
difference between the. -estimated and predetermined 
second fluid outlet temperature . 

25 ■ 8. A method according to claim 6 or 7, 

characterized in providing an 

abnormality indicator by means of the residual, the 
.abnormality indicator being provided according to the 
formula: 

30 o = T*Vj +5 » when ^ + **, > 0 

" (O.whenS^+s^lO < 20) 

where s gJI is calculated according to the 
following equation: . 

s =c(r Po + A 

T' ~2~J (21) 
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where 

r±: residual 

Ci: proportionality constant 
Uo: first sensibility value 
5 " u: second sensibility value. 

9. A heat exchanger abnormality, detection 
device for a heat exchanger .{3, 5) exchanging heat - 
between a first fluid (7) in a conduit (6) and a 
second fluid (3) in a' flow path (9), c h a r a c - 
10 terized in that' the device comprises a first 
estimator estimating at least one' parameter 
representative of the temperature conditions of the 
heat exchanger, a first intermediate memory' means 
storing the at least one parameter representative of 
15 the temperature conditions of the heat exchanger, ' a 

; tem P ej: ^ tu ^^ 

temperature, a second intermediate memory means 
storing the second fluid inlet temperature, a second 
estimator establishing a parameter indicative of ' 
20 expected heat exchange between the heat exchanger (3, 
5) and the second fluid (8), a third intermediate 
' . memory means storing the parameter indicative of 
expected heat exchange, a processor establishing an 
estimated second fluid outlet temperature based on 
25 said at least one parameter representative of the ' 
temperature conditions of the heat exchanger , said 
. second fluid inlet temperature, from the first and 
second intermediate memory means, respectively, and, 
from the third intermediate memory means, the 
30 parameter indicative of expected heat exchange, and a 
comparator comparing the estimated second fluid 
outlet temperature, or a parameter established on 
basis thereof, with a reference value. 

10. A detection device according to claim 9, 
35 characterized in that the detection 
device further comprises memory means for storing at 
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least one parameter from the processor. 

11 .. A detection device according to claim 9 or 
10, characterized in that the heat 
exchanger (3, 5) is part of a vapour-compression. 
5 refrigeration or heat pump system (1) comprising a 
compressor- (2), a condenser (3), an expansion device 
(4), and an- evaporator (5) interconnected by conduits 
(6) providing a flow circuit for the first fluid' (7), 
said first fluid (7) being a refrigerant. 
10 12. A detection device according to. claim 11, 

characterized, in that the heat 
exchanger '(3, 5) is the condenser (3) . ' 

13. A detection device according to any of the 
claims 9-12, characterized in that the 
15 second fluid (8^.. is air. 
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20 



claims 11-13, characterized in that 
the condenser (3) is part of a refrigerated display 
cabinet positioned within a building and the 
condenser - (3) is positioned outside the building'. 

15. Dse of a detection device according to any 
of the claims . 9-14, characterized in 
that the detection device is used for detecting 
fouling of. the heat exchanger (3, 5) and/or detecting 
25 insufficient flow of the second fluid (9). 



AMENDED SHEET 



REPLACEMENT SHEET / 

10-05-2004 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



\JH BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

l$j LINES OR MARKS ON ORIGINAL DOCUMENT 

tik REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




